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1. Introduction  
 
There has been a steadily growing interest in multimedia systems research over the last decade. While 
there was initially a lot of activity in a few popular areas like video-on-demand, video segmentation 
and content-based image retrieval, the range and depth of interest has expanded tremendously since 
then. Consider the topics of interest in the call for papers for the first ACM Conference on 
Multimedia in 1993:  
 

• Applications and tools 
• Collaboration environments 
• Database and information systems 
• Distributed systems 
• Hardware and architectures 
• Networking and communication 
• Media integration and synchronization 

• Image, video and audio compression 
techniques 

• Operating system extensions 
• Programming paradigms and 

environments 
• Storage and I/O architectures 
• User interfaces 

 
By the 12th ACM Conference on Multimedia in 2004, the topics under consideration have a 
significantly expanded scope in the form of three separate tracks comprising: 
 
• Multimedia analysis, processing, and retrieval, including multimedia semantics, aesthetics, 
modeling, fusion, audio/video/multi-modal processing, multimedia content description and indexing, 
multimedia digital rights management (protection and attribution), content-based retrieval with 
emphasis on multiple and novel media. 
 
• Multimedia networking and system support, including context-aware multimedia 
communications, Internet telephony, peer-to-peer streaming, audio/video streaming, multimedia 
content distribution, wireless multimedia, adaptive support for scalable media, Internet protocols, 
multimedia servers, operating systems, middleware and QoS. 
 
• Multimedia tools, end-systems, and applications, including new UI metaphors, usable distributed 
collaboration, authoring, multi-modal interaction and integration, multimedia in e-learning, 
entertainment, personal media, assisted living, and virtual environments.  
 
While this consolidation captures the natural process of evolution of research interests and 
technological development, it is interesting to distill out some emerging trends that can provide an 
overall sense of where the field is heading. Based on the study of recent literature in the area and 



interaction with several researchers at various multimedia research forums, I have come to believe 
that there are some very interesting distinctive trends emerging. The four major trends are: 
 

1. Increasing Diversity of Media 
2. Use of Context and History 
3. Human-in-the-loop Approach 
4. Use of Feedback Control 

 
Each of these trends will now be described in more detail. 

2. Diversity of Media 
 
In the early days, the focus in multimedia was on images in the early 1990s and by mid-1990s, 
multimedia was synonymous with video. Audio has almost evolved separately until recently. There 
have even been sporadic discussions on the merits and demerits of looking at a single media versus 
multiple media. However, it has now more or less been accepted that different applications and 
different needs call for the use of different media (either singly or jointly). For example, text streams 
would not have been considered being multimedia a decade ago. However, it is accepted today as a 
necessary mainstream ingredient in many multimedia applications such as in the analysis of news 
video [3, 19]. There is an increasing amount of research in non-speech audio, in particular musical 
audio. With the increasing variety and decreasing cost of various types of sensors, the use of radically 
different media such as infrared, motion sensor information, text in assorted formats, optical sensor 
data, telemetric data of various sorts (biological and satellite), transducers data, financial data, 
location data captured by GPS devices, spatial data, haptic sensor data, graphics and animation data. 
All of these media types are represented in the programs of the latest conferences. The trend is 
towards the recognition of the existence of a diverse ecosystem constituting the space of media in 
which specific clusters get naturally grouped together in optimal subsets most suitable for a particular 
application. The field finally seems to be moving away from the question of “what is multimedia?” to 
“what is the most appropriate multimedia?” Some important problems arising out of this use of 
diverse media is effective assimilation of information as well as the appropriate utilization of the 
significant content [9, 16]. The works on visual and audio attention models [14] represent the 
attempts at capturing the most relevant data from the huge volume of redundant data. The work on 
experiential sampling adopts the engineering approach to generalization of the attention phenomenon 
to all data types in dynamical systems setting [8]. Thus, the incorporation of an increasing number of 
novel media types appears to be an ongoing trend [13]. 
 

3. Use of Context and History 
 
The explicit use of separately represented context and history is one of the aspects that distinguishes 
the research in the area of multimedia systems from other allied areas such as computer vision, image 
processing and pattern recognition in which they are utilized implicitly. In the allied fields, the 
context and history is gathered implicitly from the observations in terms of features or by 
learning/training. In multimedia, the context and history data is considered to be another input data-
stream (usually, but not necessarily, modeled as text) and then utilized in conjunction with the media 
data. The context of the particular use of multimedia data - in analysis for inference, and in 



adaptability for synthesis, recognizes the fact that the various media streams are not used in isolation. 
It also explicates the fact that the ambient environment has a definitive role to play in the 
interpretation and adaptation.  The current environment constitutes the context whereas the sum-total 
of the context and media signals in the past constitutes the history. The need for incorporation of both 
context and history has recently been persuasively argued for in [5]. A few examples typifying this 
trend include the argument for experiential computing [11], the work on metadata re-use [4], the use 
of context for media experience personalization [2], the attempts of formalization of context in the 
work of experiential sampling [8] and experiential documents [18]. This appears to be a relatively 
unexplored area of work with a lot of potential in the use of context in systems for doing multimedia 
analysis such as monitoring as well as media management applications. The complete theoretical 
formulation that can lead to its robust incorporation in real systems is an open problem. It will be 
useful to distinguish the context in terms of the signal context (pertaining to the ambient conditions of 
signal sensing) as well as in terms of the user’s context (signifying the personal or group dynamics). 
The notion of a user is extremely important which will bring us to the next trend. 

4. Human in the Loop 
 
This is another distinctive feature of multimedia systems. The key idea is to recognize the fact that 
multimedia systems are primarily designed with the human being as the user. The human being can 
be in the system loop for three purposes. The first role is that of the media consumer [21]. Even the 
earliest compression algorithms recognized this fact and exploited the removal of perceptual 
redundancy in terms of the human visual system and the human psychoacoustic models. The work on 
the so-called semantic (or sensory) gap, which aims to link signals to symbols, is also facilitated by 
the recognition of the human in the loop. For instance, the work on relevance feedback for retrieval 
purposes utilizes the human’s role as a consumer of multimedia information [20]. The second role is 
that of an information communicator. In this role, better human computer interfaces could be 
designed to facilitate communication in the most natural manner [1]. There is a growing realization 
that fully automated systems are perhaps not always necessary where effective systems can be built in 
which tasks are apportioned based on the relative strengths of humans and machines. The experiential 
computing paradigm [11] advocates this approach. There is also third role in which the humans act as 
affective communicators. The primary purpose here is to convey messages and emotions with the help 
of multimedia. The main thrust in this trend is towards computational media aesthetics [6, 15]. The 
idea here is to understand the computational underpinnings of affective communication that would 
help towards analysis and synthesis of such affective intents. Though the initial work has been 
towards use of film grammar and cinema theory for video applications, music theory is being 
increasingly combined with signal processing for handling non-speech audio. Thus, the basic trend is 
to recognize the presence of the human in the loop so as to design systems which can exploit this fact. 
This can range from appropriately adapting the system behavior to seeking manual intervention. 
 

5. Utilization of Feedback Control 
 
The use of feedback control has been fairly standard in classical engineering systems. Of late, there 
has been a trend to use ideas from feedback control in multimedia systems. There are two prime 
motivators for this trend. The first, as identified earlier, is the human in the loop that goes back to the 
original ideas on cybernetics by Norbert Weiner. Given that multimedia systems are designed with 



humans as the users, these humans can be used to provide feedback to the system. The role of 
relevance feedback in content-based multimedia retrieval is an example of this approach. An 
interesting recent twist to this idea is in the active capture work in which feedback is given to the 
human in the loop by the system [4]. The second reason for this is the continuous, evolving nature of 
media in most systems settings. For example, surveillance systems constantly spew out video data. 
This naturally leads to a dynamical systems formulation in such cases. Examples of such scenarios 
include object tracking in videos and rate control in real-time multimedia communication [12]. While 
feedback control for analysis has been considered, an interesting area of work would be in active 
sensors and active architectures. Instead of passively receiving multimedia data and then process it, 
an active system would seek for the relevant data by appropriately tuning, commanding or activating 
the sensors that can lead to the desired inference or action. Such a consideration will open up 
tremendous possibilities. An example of such kind of work would be active video surveillance [8]. 
Interestingly enough, control theorists are also independently advocating the convergence of 
feedback, communication and computation [10]. The recent result which formally proves the utility of 
feedback in motor control systems should provide further impetus for this trend [7]. 
 

6. Discussion 
 
This viewpoint should not be confused with the outstanding work done by the SIGMM panel on 
identifying future challenges and steering the community towards them [17]. This is a complementary 
attempt at sensing the directions from ground data. Such an exercise is necessarily a personal 
idiosyncratic one. Thus, my own research interests have biased the areas considered. Moreover, the 
works quoted are by no means exhaustive. They merely are some indicative pointers in the directions. 
What is true, however, is the fact that there has been an increasing amount of activity in all of the 
trend areas. But a lot of work has been done in isolation, often unaware of each other. The idea of 
identifying themes is that the development can proceed in a more systematic manner. One of the 
useful steps that can be taken is to come up with a comprehensive survey in each of these areas. This 
can serve as a snapshot of the state of the art in emerging areas and can lead to identification of core 
open problems in the field. Also, a lot of work is being done on an ad hoc basis for solving specific 
problems. There is an urgent need for formalization of major ideas in the field on rigorous theoretical 
grounds.  
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